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(54) SEMICONDUCTOR LASER, SEMICONDUCTOR DEVICE AND PRODUCTION METHOD 
THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
laser, a semiconductor device and a production method 
therefor, with which a dislocation density is reduced and 
the characteristics of the device can be improved. 
SOLUTION: A semiconductor layer 20 composed of a 
nitride III— V compound semiconductor is laminated on a 
substrate 1 1 composed of n-type GaN. On the substrate [ 
1 1 , a projecting species crystal part 1 1a is formed and a 
growth suppressing layer 12 having an opening is 
provided corresponding to the species crystal part 11a. 
The semiconductor layer 20 is grown on the basis of the 
species crystal part 11a and has the lateral growing area ^ \ 
of low dislocation density. When the current injecting 
area of an active layer 24 is provided corresponding to 
this lateral growing area, light emission efficiency can be 
improved. Further, when the growth suppressing layer 12 
has an ability for reflecting or absorbing light generated 
on the semiconductor layer 20, the entrance of light 
leaked from the side of the substrate 1 1 or stray light 
can be prevented and the generation of noise can be suppressed. 
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[ IiM 1 1 StWim I I I - Vfc{fc£» J: O'SrO. 

a-fbtt* 1 1 1 - vM^^aww o * o . Miea^ 

It, 

—f. 

[ it ^« 3 ] mris«Sffl±ii{i. Hifia^NifWfcste 

1 IE$«¥»*1/-1F. 

[11*^4 ] miE^awMHi, mmzG-tz kft 
its . fna«*ifiijfi^<a«t^K LT*aE*«aAS ^4 

fa k f £ fcJSftt 4 i k t i >5 ffM£ 

[ if$3( 6 ] aftHUK I I I - vSHfc^fti J: 0 =Sr 0 , 
^*^» B B 35£Wi^»ik , 

s-fbft^i i i-vBHt^ft^Niftio^o, inlaws 

Sk, 

tM«k B«$ftJik orafctwtfcfu ffiea^Bi 

gp^JSUTBHPSrW^SlS^liihiik SrMifci bi 

i mm 7 ] mwm in- vwc&b* q & &a 

t. 

xm.4m&i 1 1 -vmit^mmwi. o&s^wtti 

msms ] *mmt ix>j?%< t t>%tti*j£* 
ziti tat* fcwiznaumxztLitffl&Mm 

t-thmm 7 im?)*mfaiy-^mm>m. 
[ii*^9] &mizn^tf&xztimimAm® 



im& i o ] s&mm 1 1 1 -vmtsmx <o%& 
t. 

mmnxiz. m?i£iMiznmLxmn£Gi-mm± 
mmxiz. mte^zmt ixmm* m-v 
*tr.r k £#ak *s *mm?<7)W&>m. 

[000 1] 

immmtifflfom *wm. mmm 1 1 - 

£-«:M:ft3U I I -VM^aflMMWOSri^Mi 
ft 

[0002] 

[fi£*<0&ffi] GaN, AlGaNfiftfeSlMiGal 

nNM^k^^i i i-vmit^mmmi. 
mm®co*mimmxhht^z. mmnwi. 9 

eV~6. 2eVHi)7t-o-rv^kua#a^*LT^ 

4. £ft&<z>fflflat>* i i i-vwM&wm 
mmmt^m^mmtx^^miz tvx 

£ N ^mW(cl/-f (laser diode; LD) *6^Ji»3t^ 
-f^-K (light emitting diode ; LED) ftkWzI 

#mm?zm&t&mtixm2tix^z>. w. 

sfcfojRi 1 1 -v^b^^*(±. tsw^a 
*tj iWR««»*«^# k *»t . *awtt 

&*mkL-Ci>&S3*rO^. 
[0003] i*lfe<0¥»fl*f-{4. t7r^7 
(«-Al, 0 3 ) *6V^4Kfli4r-f# (S iC) &k' 

1 1 i-vmtGwmfcnmztfL&Zit&zktz*') 

mmZhX^fz, Ifrl. V?TAThh^\VMVr4 

mtmstoKi 1 1 -vMit^*mftkxiim-^m 
^mmmmcom^<. 3.4mm 1 1 -v«Ht^- 

^ xhw$t± 1 x Lt-iX^iz. zvio iztevmtf 
m.-th k . iRmmifiv^-tjEiittmm^ txm 

[0004] -e^T\ S^^^Tii. S-ftft* I I I 

mm. V7T4T%k^^%hm.mfa<n±.\,zjm 

i^gttmi I I - vjK-ffrcvfW D'tSS^Sr 
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Sit * S T"# , ffi«K3SS**«rffik$:S k f OjSt>* 

s. 

[00 0 5] 

$1 I I-VM;i^J;9&l>M&t Mi(i'^7 7^ 
r^rk* J: O^SJS^fflSfr^ifcHS^^SIktzi 0 
S83t$;fl6tf)T\ X 1 O 8 cm- 2-1 x 1 

O 11 cm-*mKkS^ki^|3J]H#*ofc. tntzih. 
fflR<0±t**3*4aMk*»I I I-VBHfc^Brtm* 

[00 06] ^WU^fiR|IWa(=»%T*3ilfcfc 
[00 07] 

-ff4, gftft»i I i-VJfcffc^ft.fcijfcO, 3§«<?>« 
*5 B u R as£Wt*>»Sk, 2fc!ftj3Rl I I -VjjHI^fc* 

M $ *ifc¥IWMI k , £ 8 fc ¥SWB k fllBfcSHt £ 
[00 08] *»HBt J: 5¥#tt3im4, Sfljfoi6 I I 

b. stmrn i i-vM^¥#fr±o&^ «*§ 

B a B gtf£»gkb-Cj£*U S«HflMISix/2#HW** 
fc, *«k^tt*kwra£iftlt£*u «& B H B gflK*«5 
LTfflpSr^rrsjs^«ijii«k*ffl^twT»a. 

[0009] SfcEfciS^ttl^^SBg^Sitt, 

wmm 1 1 -vM^ii^siic 
^B^imr^^xwmm-hTMb , s^o±tc 

IHk . 3£K«±£, atfiAIS^XiEk LTSflSfo^ I 
!Sk*#tJt><0-C*4. 

[0010] *3^fcJ:* i f^Wf«^WErtF«£li, fl 
I I I -vaHt^fti ")**»Rfc, £tt*>«*S 
fi»&Kiai5-frT«8WgJjcirsxSk. **«>±fc» 8 

Sk, *«*>±K. attJUK^XKk LTSMfc** I I 
[0011] *^0J3^J:I.^*P— ffc<ty^** 



[0012] xmiizxztmfau-^nmikim&fz 
tetmtmTvm&imx'ii. mmzmmixmmnm 
mkaimis&ti. z (vmnsMMttft lx mu 

[00 13] 

x. mzmixmmizmm-t. 

[ 0 0 1 4 ] 0 1 (4. *^«-HSS^ffit«l»^ 

^ww^u— wt. SMBftsi i i-vifefk^ift 

iD&saffiUOk, £<7)*|£1 0«>HiWfc*Jf3*i 

^a-ftft* 1 1 1 -vmit£Vi>*mfo£ 0*4^*1 

20bMVLX\.*l. **s. iiTSHHteRl I I-V 

k 1 1 at @/f MPjjut fcit s 5 b^te*^ 3 *><o 
>j?%< b i>mmb iisttfc^tttite&fotmit&z 

[ 0 0 1 5 3 3HR 1 1 {4. tfiJil4\ 2 0cD»if 

#|6jlc&(7l>ff£ (J21T, *fc:WSkV^. ) *5250 

Mmxh'o. nrnwrntLxi-j* (si ) sasEtoL 

fe^SPl 1 a{4, WiJ4*. ^mzMfk (Hlt*JV^J4 

KHLT«BE*$*i-0^. «^ B H B ^1 1 att, Mi 
H\ SKI ico {000 1 } iBtmSiittJO. >H 
ttzim 2 t/i^i^^^S ixT v ^ . 
[00 16] 

< noo > 

< 1120 > 

[0017] S^ B H B a 1 1 a^ffi^lj^lt] 

LT#apfir*m) i:fc(t§A' 7 7Ti2 1 bcomRmn 

mH. Witfl. 5/xm-6A<mC0teill^-C'J)«»ik* i 
4 L < , 2 ^£ mJjLh 5 /i mJ3lTW«SHrtt fciiJX i D 
#±U\ «* J »EV^k»Ji«rfc:t5V^N*.y7r«2 ltf 

fgSgH(4. 0!i{f9*tmtUi'C*4ikA I ff*L<s 1 

3tB§tfc v ^ ^-ttco^ b° trn-fe x v- 
jWR< =5: 0 . WfiTtJi^TJ h . afe^gp 1 

fc ft^ k t*3eE-r h mm±m 1 2 k 2 0 <oia t 
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[ 0 0 1 8 ] W8L 1 1 b*mm 2 0 b OHfctt, 8*£ 
H a H gP 1 1 a(^JEL"CBHP*^TfSja^f|ljh«l 2j6«S 

tt^rv^. ji!c^jrpih« i ski loa&nai! 
i i a $m&k ix*mm 2 0 a*™ 

1 1 a<9*tia»«*»ii>¥»tt*2 Oifi&^L^i 0 fc 

( s i o 2 ) , <m/rl% (Si 3 n 4 ) , ZSMI:^ 
y (T i o 2 ) ASv^tiirftT^S-^^ (a 1 

2 0 3 ) &£«#J!BL 4fcli£:h.S»0>Sfc«O2«2U: 

[0019] j££#Pi&Mi 1 2 (4. * , «*£ B B B gfl 1 1 a 

7cawi***vv ¥#fwi2 0 h^TOJi 1 2 fc^rat 

l8Mtt<£ l; & i 5 K&o T v M> -I fc ##4 U \ S&Ri 
SI 1 at«fcUT2NWWi2 0tjfi*S*ilRfci|i 

2 0 tfmsi iitrnn LzxMtfmi txito 
<niWj±-thfc#>vi>&. f&m±mi 2^a*s B B B giii 
laa^^i^w^is^hii, mm, 10 

nmU±.?h&lttfm U\ 1 0 nm*tffT14¥# 
ttl 2 0 2: ASflUkl 1 2 fc «fflHt»»Wfcl»±"f 4 

[00 20] ft&fflikl 1 2(4, «C, ¥$ft«2 Ofc 

ma lMfrbmtiw&twix'Z&b&iz. ^>vr- 

RWStifcaBteVfflR 1 1 Mj^feaBA^iWiWIW-t* 

ita 1 ?****^**. .roi^ffltgfi, ± 

JSUfetmiOJSSWiJIl 2£fifjSLTU#^S. 

[00 2 1 ] ¥#tt*2 0(4, 1 1 <m^U 1 1 
afcgfcfcLmBSflTfc'J. £Kl imWh^v 
7rl21, nI?77Ff2 2, nS^K*2 3. 
vSttS2 4. PSWMFJB2 5, P M7 7 v Fif 2 6fc 
Mpl3y^^M2 7R ^MtSHUI $ tiX n § . 

[00 2 2] A' -y 7 7*2 Hi, Witf. J¥£#o. 0 
4 / umT'J>9, nIMk LTa--f*A^JP$fL^n 
SGaNfciOflMUJflTV**. I^77rl2 1 

(4, mmmi 1 a^M^^jEL-c, atsAtfi 

1 a<0«ffl?r»g£ LT¥3WI2 OWSMHffilfcli 
cm^«lM«2:V^?)l4, ¥*tt*2 

0 costfl^ifti wit txm&&imw&-mto*iii-i 

mmmbxhi. 

[00 23] zamfofSMRmi* H2fc*l,fc i 3 
t, Sfe B B B g|51 1 a*»6<OJGM6ffiMi jW5»U::< 

J12 10±fc«JiS;{VC^SnS?5-y Ffl2 2*»S>P 



flilsy?? M2 7 4-C-^^*B2 0to^Tt, fit 
106 cm-zJilTHSKft^TUlu raiC^tT, A' 

77ri2 l^a^aisfiasi 1 a&ttm 

(4, «^S1 1 a*>feWjtaiKfiMj *M£»§iVO^ 
S. :w^7r!2 1(4, 4fc, ^|iJJfcgffl*Z>« 
ii'+^tail73^fc(4^l»7j|S]^fit^^ B 3 B [5l± 

0, ^SI5B^(4^(;J:0^4t/iKiMefi[M 2 
£1/0^. ftfc, ^RjfflSfiM, (4, A' 77 rl2 
1 «±tSRJf § tiX V \ I) n M 9 7 -y H Jf 2 2 s&> ^> p ffln 
y??hJ1274 -C^^S*** 2 0 £fis» § ilt V \h Z. 
bt&\i\ 

[0024 ] nfi?5yH12 2ii. 0U(4, 
AimffcO. niPRtt*i:LT^>f**iSanU7tnSA 

1 GaNfifitiOfltJSSfLTV^. nibTM H«2 3 
(4, Wit*. 1?$#0 . ItxmX'fo*). nWWmtL 
•CM**aanU^nSlGaNtJ:DfllJ«S<iTV^. 

[002 5] vStti!2 4(4, Witf. S^ s 3 0nmT 
J>0, M^I^Ga, Ini-.NtfflU l^x^ 

0 ) umimmuz^mm^Fmm^tx^. 

Zco^mi 6(4, m^aASiiS^SEaA^tSS:* 

LTfc 0 , %m:&\mmmmmb Lxmmh . 

[002 6] pS^H«2 5(4, Witf, WS**0. 
ljum"C*0, pM^ftttTV^^A (Mg) 

■yh'«2 6{4, Mitf, »S*«0. 8AtmT'fcD, pS 
Wflfob tT-?^^7A^^Pt^pSA IGaNi 
fiCiOflUSSfLTV^. P ffi:jy?7h/f 2 7(i, M 
X(f, J?S* s 0. 5tfmt*0. PlWfttUv/ 
^y7A^^JPt^pSGaNti0ffl«S^-CV^ o 
Pii^y^^ 7&£VpW?y>v KH2 60>-» 

(4, (iai(cfc^T(4W:ML'raii^t 

[0027] >r omaafcssfcwi. vsttii 2 4 trnsr^a 
x^ti^mm^Ammmimi-itz^hcoxh'o . a§ 

tt» 2 4 <o a Lfca^tffcSEiLMB 

ist^o, mtmib^x^h . tot, 

(cWJtGLTffM§fxTV^|,^fcAW4tV^„ fit, fe B B 

^^-&s b wmmmi ( 0 2 #sa ) m&tz <n 
x\ mm&m lat^fBtcownicmu 

[0028] ^rio, 2|mWMi2 0WJ¥S3&tJK=flr6fcfl! 
oT, KMlKfiM! ttnSAffl 1 a^)vSttii2 4fIIJ^ 

mmzAL 2 tsmtf-oxmtmmzhi. 
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1 l aw?Sttl2 4fflw«fffflfc:iiJtS*SC*^S^ 

L 2 JaiJKtfc««rtfc:«K LT«8EaA*«S:lftttl> 

[00 29] RiilgfiM, , M 2 ■) A 

L t , A L 2 (4¥&W12 0<OJI$krtMf»«t&l>. 
mif. SlSftSPl l a^*Hfc«£ijJtSA*.y7 T Ji 

2 1. n!?5vKl2 2, nIHM Kl 2 3 , vSttJf 
24, pI*MHI2 5, P ffl^7>y FJf2 6fcJ:tA'p 
ffln>-^^h«2 7c7)/?§^tH:ti fc U «*£ B B B 3S 

1 1 a«a^77r|2 lfcttJ&t* £t 

2 t-tsk, maiKfiM! aiMWAL, ti, a l : = 

(t, -t 2 ) /2 0km§*u KlfcftM, *)J£# 

D A L 2 Ji, A L 2 =tj /2 0t^. 
[ 0 0 3 0 ] ± tz . a^a B B gf5 1 1 a cDvSttl 2 4 am 
*ffifc«tt4««C36»6<)!)iIJ!*i*lt:«{t4Bl*JJ:V 
&^Bj&»fcwEmrffl£*3JtS8Blltf, ftfcO. 9 3 

» m&ix&hw&nznfc ix&mmzifM-t&x 

o tetftlf , *P»ttfc J: 0 -*rtLt3tf4 i k WX'Z 

&<nxmu\ GaNtsA^iHR^-vyr^fift* 

(±0. 9 3;um-C&^ ;;tffln5ifflii 1 1- 

v^^w^c^^^nfc n h m.m^>\ ^x t, isi 
satcfcs k#*. mi* «affiEX«ft6»fe'h» i f 
+ y riMtmMicoi >t tefl***® < * 

S^kJ&^&SJi^TftS. IC, S$Sh%oR 1 1 a*^ 
KflttTfofcAL, +0. 9 3 Um)OL«*U 
^SBHiSlMtAL, +0. 93 (ium)BUhJt 

[00 3 1 ] %Wm2 0<O±ttt. WiKZiMb^'f 
Ss(Si0 2 ) J: »3 5 SrS*6l*JHl 3#ffM£ftTV^ 0 
- ot«»IR 1 3 Kli p fiBrr y 9 ? V jf 2 7 te*f it? L T ffl 
□ **» ft tiX >j „ p ffll 3 y ? 7 b m 2 7 <7)±tc(i p 
fflKffi 1 4 #Jgj£ 3 fit ^ £ . P fflWffi 1 4 f± . 01] I if 
JUisVJ* (Pd) , fi£ (Pt) tJ«ktf& (Au ) # 

7 tmmwzmmtix^z,. x«i 1 corns 

flL -t^*>^*S2 0OR^fflt(i, nllffil5 
tfRWWvO^. nfflWffil 5U, Mltf1-?> (T 
i ) fcit/T/US-^ ( A l ) £JI&«JlLTiM 
fciO^fcLfcflBtfc^LTtsO. SMI lk«$lW 

[00 32]^, zw^mft)/— rx'U. mnfpw 
ziy ^ 9 ym 27 co^m^m^xnmh-mm 
mmmmrn t % ^ x a o . z co-mgmmmiz 



X 0 . iStt* 2 4 Ctii vC!8£ LfcSfti-tftftfatM 

v-^-Atixmttixo^nx^i. 
[0033] z<vm&]s-wi. mtttdwi. oizi 

XWkthZbtfX^h. 

[0034] 4-f. 03 (A) t*UfcJ:"5fc. ^J^- 
tf» I^2 50/im«niGaNj:0^iSlUffl 

$ . i^fiffls* k ^isi-r hzttizx o ffM-r * 

^k*«T'#4. %«r*fc, M K9-f H«ffl««ifei:tt 

/fxrnm tm&mn i k t*j> s . 

[0035] ^V^T. fflRl 1 «± («iK {000 
1 ) ffl) (C s CVD (Chemical VaporDeposition ) 
{CiO,JfSO. 3*cm~ljum«aHk4r-f*(SI 3 

n 4 ) hhuirmit^r^m ( s i o 2 > j: o^s^ 

^13 1*»«"rs. =5rfc. ^^-7X^*3 1(4, Wi 
tra^>f *ISknMk^>f*Kk<oflHWi3Sk lXi> 

[003 6] m^X. 03(B) iZ^ltzXo^ -?X 

xhH3 2£)&i?u mm. ±atfc*n 4fcj3*2 

li. S«l l^StKWtx-/^y^tTSfe B B B gBl 1 a 
^Mt4^tOTl)4. 7*M^^h]R3 2W 
^*-V»J**ffofc*>fc, H3 (C) fc^Lfcia 
t N 7 * M/y'X M 3 2 t LtMx)i^x 7 

Mvfy^ff^, 7X?I3 1JITO»St 

[0037] 7*M^^*XMR3 2*|^iL>tcO^, II 

3(D) fc^Lfcidfc. iitt'x7fy/^ctii 

^'X (CI,) SrfflV^jCtt-f^yx-y^-y^ (Reac 
tivelon Etching; RIE) iStCtO. VX^il3 1 $• 

«1 l(C%K^HSAffil 1 aJISJttSWSt 

[0038] a&AgR 1 1 a MLf^, H4 
(A) fcSUfciat, 10±fcIff!iBfCVDffi 
t i OJS^ffjk* l 2 . AJWihl 1 2 

RLitofe, H4 (B) [Z7r,LtzXo^ llliwl 

Uy*xMS3 3S:Jf3KL, 134 (C) t*Lfc±at:, 
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f>&Mm%mi&Wffi?b ZtlzXK)7*hWJxh 

m 3 3 (DmmzfflM i , s&jhb 1 1 a t*r j&t* 
jtpihJi 1 2<7)mmm&Lfr-owsm 1 1 aongKB 

Jiff, fflX-tf 1 *i m*IOlft7 * b Py^ hit 3 3 
J: a fc-f* . 

[ 0 0 3 9 ] 7 * bVWM83 3 frSftttCNg; L£ 

(7)*>, 115 (A) iZ^lfzXolZ, 7*M/y'XM3 
3 £vx? fc LtflHitf^x 7 hx-yf-y^*ffv\ i& 

£Bfe£-t4 . CixtJ; 0 , jS^qiihJi l 2 £«ft!i B B B gtf l 

jsihsi i a(cj»ors7ct«ai:t>±** | jat« i *»t 

(Oh, 7 * his isZhm3 3 M&t l. 

[0040] y t vvvxhm3 3 ^w^Ltzcoh. m 

5(B) tSUc^l:, 0U{£, MOCVD (Metal 
Organic Chemical Vapor Deposition ) <fc 081$£iia 
m 1 a*aa8kLTnMGaNj:»)=Sr6-'W7r«2 

l«:J&ft3-£4. Z<nht, A' 7 7ri21fl S*S H a B 
SI 1 a<7)±ffltJ«J:^0liliB*^*gftjS^L, 

[0 04 1 ] Z.tl££*). A'.y7rl2 lcOo*>S^ B s B 
351 1 atWfiS-tSHttikUdJtjiKttM! (02#K) 

•fsas^taiwsfispi 1 afrbnvmmMi #m 

fal,zmtZ>nX'llkA,k'imZti-f. A' 7 7rl2 1 

[0 04 2] ftfc, A' 7 7rl2 1 Srj&gS-fcSIBfc: 
ii, j£J8*££6;um/h&Tfct4^i#W2U\ 

t&£kmzme>&wjz%<%&k&tz. sshftasi i a£ 

£88 fc LT«ii*[6]t(iM^I»*[6]^jS*t^M B B B |5l± 

£t4*»S>T*>4. *fc. Jfc*BMfc4*im/hjaT4: 
J: 9*f £ L<, 2Atm/hUUii:-nLif5g(Cifi 
I v \ 4 xx m/ h J2TF t -«ti«sa«iw»fe tftf J: 0 ^ 
: 5r< : 5r i 9 . jafffrtefta^fi** 1 . 2um/hX Y )h 

A^^t &mtmhx l± ? ts*tiifi&&»t>"Ci) 4 . 

[ 0 0 4 3 ] 4fc . Z. ZlTit. mm±m 1 2#g£A 
31 1 a«0«7c8|5#£»,\ StSASl l aCi&ofci 



T^77rl2 1 jM&gflliLJi 1 2K83ttLTK»#fS 
ix4. IfifiilpjhJBl 2lziL-h±.tf<omtWt>ti%^ 

4. a^ai i afrbvfSMtt. mmmiztttxm 
mm?m< . tux o t^Tjs^tpjUB 1 2 oat 

^*Sh*10nmJa±i:t-4ikKJ:0, A' 7 7r 
*2 1 i{fcJHJM:Jf 1 2 t^liSW^WtRJitSix 

So 

[0044] A* 7 7rl2 1 £j&g$-£fc<?)^ a' 7 7 
r/12 KOJ^ MUi. MOCVDStiO. nlA 

1 GaN}FufaJ:D&4ngy?7y KJ12 2, nSGaN 
J; O^c-S niWM h*S2 3, ^»£SailL$fVMindope 
-Ga I nNS B B B J:9&4vSttl24, plGaNj: 0 
44pSWr-f K«2 5. piAl G a N8UI J: 0*4 P 
v y hM 2 6 HX VpMG a N X 0 &4 P M=r V * 
ni2 7M«I?«. 

[0045] MOCVD^tfo^C, tfVV&to 

JS£t# x t lt mot if h y ^ y ^ a ( ( c 

H 3 ) 8 Ga), T)V$-^J±COm®tiAkLXm\z. 

(f hy^^ryPS-^A ( (ch 3 ) 3 ad > 
w&omtfxb ix\iMta hj**/m >-^a 

( (CH 3 ) 3 In), SaW)f(flXrxi:LTJ4flf!itf 

ry^-r (nh 3 ) t**i*hJBv»4. 
oW^atliiPli.Ktyy?^ (SiH, ) 

o^y^^x-^^^^^A ( (c 6 h 5 ) 2 Mg) 

[0046] pfl|3>^^M27t**3*t^ 
H6 (C* Lfc i d t , P «3 y ^ ^ h 1 2 7 «±KBS* 

t;x>y^-y^4. Pl?5 7b'12 6<o 

±gUfcJ;Vpffi!l3y^^hS2 7^fflv^i: 

[0047] ^on. «s£K^»ats^ais 1 1 a^n 
mmmizttm lx&»* stts 2 4 courses 

tti. fm&®i 1 a^is^jTy^tioJts+^tffi* 

COT. VSKK^^attAffil 1 ai;^« H 1«iic7)ge 

if 2 4 otSK&Affitt* *<0«W(c»jjW- 4 J: -5 fcitii 

[0048] set, -BSWrJ: 3 »g B B B g|51 1 aco 
?S1M2 4tt(^»WBC«»t4«»C3&»^AL 1 nfftK 
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vmm 2 4 (nmmx^mm^h x ? tthtfi d 

#4U*. 4fcs «^ B B B g|51 1 a?»C. *5«trX«*S 

san i a^Kia«acoi»ii^rifijfc:tj(t4«f**^. * 

tlftl 0 . 9 3 u mfiU^fc««rt(C«BWWIt» 
JfcfS i 3 CtfUfiJ* L < , SS^SP 1 1 a?MC 
HAL; +0. 93(^m) JjUJEfU *0«ISflai 

1 1 a<OltiaBi«^S?lM(=*itt*4"ll^feAL 2 + 

0 . 9 3 ( /x m ) i2U:«*lfc««l*l tfMt 4 X 0 c-r 

[0049] mmm^m&uzcoib, pW.?? -v y 
«2 6fc.fctfpffli3:/*?h*2 7tf)±fc. mmwM 

h«2 7fc*ttGLTBI!n*RW\ pfflny? 

nwmmi 5*jiVp»tfii4t*ii«i»js 

? h«2 7<^S*rtfcfeV^T»rt^fcHtt«)ftfKB« 
iiCH^Lfc^RHMRfcJgMW-*. £*iCJ:»K HI 
C^ L feNHW* u -if a^jaw- 1) . 

[00 50] i<oiNW(ci/— f\mr>X 5 tzm-tz. 

[oo5i] zn^mwi'— rra, p mivs ntn 
isres 1 5 k wracmswisEtfiwrasfis t , -mm 

2 4 fc*a#aA3*u m^- jEnnts^ti *) m& 

LTftfflC8tilJ3;h.S. ^T12, mi2 0*« 

1 lOSfeFagfll 1 a MWfcLTJSfiU: 

<7TC\ ^IHWMi2 0<oe{a»«*«tt<«roTV^. « 
^«^W«tTvSttH2 4W««aA^ 

Sft4. 

[ 0 0 5 2 ] 4/1. f&Mffl±m 1 2**¥?IWWB2 0 (± 
kLTvStt«24) KfcvvcfS^Uc^RfW^fi© 

JDw-s«Mg£itt 4 j: o tzmti&tdMs* mmitm i 

2tcJ: «S1 l||iJ^{t47t^S^m$ti4„ H 
C, •f£^-y^-^k"CJRIftLTfflv>*i& 

M££*i4o iot, /^X^3^#WJ$*u tiJT] 
^»&k^*tt#&#£ix4„ f£-?T. ffiaj7J*)¥*ft 

[0053]^^ C^afc^JBBK: iWf , £K 1 



1 atWiBLfBHP^^rf SJS^WjhJfl 2*|ft{t. S 
IS^gPl 1 a£«$kLT¥$#/12 0£j&lb£it4J: 
3CU1?)T\ 3^fl2 0<0|£{i««*ffi«U ilS B a B 
tt£l*]±§-£4^k#T-£4„ ±oT, WEEOWflnCJ: 

4^k*M4. 4fc. RSl*Kft*ifCiBH*$#ft# 
ms^)w^*/hs < 4 £ k . !6Ma&** l*l± 
£-£4£k#r#4. 

[0054] mz. jfcgjfpjk* 1 2 C. 1 1 a 

1 2 k A' 7 7 r A 2 1 k ffifSliZfSm fciftJt 4 J 5 C U: 
WT\ la^tUA 7 7rl2lM 
£3-fr£|gC. A 7 7rfl2 lkJfcSffllilJll 2k#« 
fcSrfi&jtTSS. i-oT. *m*tt«20fct3»- 
4*oite{4^S^ffi< i- 4 i k 4 k ftt . 
»<7)S^ ^"^ffiS1-4 i k 4 . 
[ 0 0 5 5 ] 1 2 2 0 (Cfc 

fcfl&fttiitf. ffiRl m*^3t* s «h.4c02rR6±-f4 

^^m^fcD^^m-i-tcit^x^i. 

[ 0 0 5 6 ] HK. ffi*[^MUi^JlELTvSttil2 
4 <0«8Sa A«W*»ttS J: a CtWf . mam* X 

tr, ftmmzmzfa±z^z>zttfX'is-&. mix. 

m&gkUl 1 aHiL! jy±**i, *^^B*^ 
tXolztlxtt. itdi, m&£k3i l atsiV^SS 

B&t>*ti?tio . 9 3 fxma±^mtifzmmmzM 
mixnmixmmmnxo cm i osv^» 

[ o o 5 7 ] %mcDBB*m?x*%mzmwL 

*^B^(i±ISHJiS<7)ffMtP^§ix4 

li. «&^tfO«ijg B a B ia5 1 1 a*«i4»&t:ov^ 
KWLfc*«, *7<o* & § t J: o TtiftRWt 1 o U*» 

^*$> 4 v \tt*R* k'T' fc J: v \ 
[ 0 0 5 8 ] 4fc. iJEHfeOJBJBTIi, StgASK 1 1 
a 1 1 <7) { 0 0 0 1 } BfifcSIti i 5 (C L3t*^. 

flswisftiiifcisit & i a t lt t i < . m&&m 1 1 a 

fc l ifctitt 2 LfeSrifti(£JHtS-frT»jj«-4 <£ 
3 fc Ufc* 1 , flSl«*-|ft|fc»ft**-C»JiW-4 XolzLX 

[ o o 5 9 ] sec . ±SE3as<^»ru, ^7 r r^r 

k*i D ; 5r4^ffla*^±CjjSc^S^4^ k DffM 
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[00 60] JflxT. iJ^atWJBWCtt, 
1 £Bfc*L£f£fW 7 rM 2 1 Xolz Lti 

fi\ 1 ac7)±£7)-7X^a3 1 &1*&tf&* 

>y7rM2 1 *JBflW4 ±5 tLTfc iVi. itUcJ; 

B B B gfil 1 a^^WilKffiM! tf)<s»#R&jL3:KS . «t 
oT. A.y7rJB2 lt(±^fc:SHtSJtaiEfiM 2 

tSAXRWft t ^ m&t?. mitz&m* * 

JI2 1 S«*$*4|Rfc:. 7^?l3 1«fflW 
iHEftt UA" 7 7 7f2 1^CSALTLitV 

[oo6i] jEtifc, ±ienf£w»eJ2, 

-*««SfcoV>T JlttWfcflS JWft Rifl Lfctf. * 

titffl-f Sit Witf, H7fc*UfcJ:a 
fc, A77Tl2 1tftiT > 0U(fnSGaNJ;9 : 5: 
Sn(|j3^?M4 1£®JSU nii«®15^S« 
1 1 iztflx pWWM 1 4 1 HHIfcllHt* J: 3 fc 
tin. £K1 1(4, nlG aNteJ; 

[0 0 6 2] 4fc, Wilf, nS#>( KJf 2 3fcJ:U ; P 
iWM HJf2 5t*iT^=Sr<tfcJ:<, *Stt® 24t 

\>\ mz. iMmmmmxu, fmmmtmmm 

izmfxmwLtztf. mwmm<7)*m#i'~vts±v 
mmmmn^mfti'-wz^x t pwtawi-rs 

[00 63] JPfCafe. JiieHSfi^ffiTli. MOC 
VD&tJ; 'O^&ifcM 2 0 Xdiz 
MBE (Molecular Beam Epitaxy ; Mlt i/ 
-) m. 'vf YyJ V%M$LW&foh\^$^y4 FSWB 

tin. 

[0 0 64]®^^ ±imm^mmxit, ¥-m&m 
?t ix^mwu-^zmmizmfxmwifztiK * 

% znm&mMtFf' tcov ^ t jiffl-r s<rt #r * 

[00 65] 



i-itmz. mmiztt&ixfflnm-rmm± 

±5izttzcox\ *mwm<7)&mmi&®L. mm 

z*th z t a*c* s 1 . 
[0066] mm2im^m^-^zxti 
tr. j&rwitji t ^fwi t wiawawt* stJ * a t 

L, «l6fi^t>mtTt4oit^|5fi±T-#S. i-o 

[0067] iJt. lf^lI3IBSJ^2S*^— tf'^iil 
fcfcMWW-filMBfc*"*-* J: 3 fc Lti(DX\ Wgm&t> 

mmtit (vm±i-z z t s t . 
^^3t^3tA-r?»^^iss±-r§it* { T-#i» 0 io-C. 

T t> LfcHttfc*fiW S i t & t 

[ 0 0 6 8 ] Ht. ff*«4 4fc{4lt*3l5 tiE*^ 
•ftlz-lTfc J Wf , ttfrl«llfiAflW(ctte LTvSttii 
«m8lEaA15«S:^t 4 J: o izLKOT. Z tz . 
^ t 1 coElwSJSt:^ t T mSESEAISJSSriftJt 

t Ltz<nx\ %mmx <o [&]±§^s i t 

[0069] JniT, ll*«7&^Li**«9Wvf*l 

*» i tciEa<o¥»flci^-if «o»jt*sifcUfi«« i o 
^•'^ j: rf¥mm z FZ®%iz$m-f& zttfx-% h t ^ 

[13ffiOfS*^ira] 

[HI ] *^cr)-HMW^t«l)^ftS^T$)l. 
^^l^-Hf con j££ ^KfffillT'S) S . 
[02 ] 0 1 CiUc»^-fflA' 7 7 rUtfcit 

[03] 01tC^t^*#*b— tfcOSjtlg^^iT 

mmx'fo%>. 

[04] 03t^<i^jtlg^-rBrffi0-C$)l». 
[05] 04fc«<i!3tIS**t»fiiiH'Cfc5. 

[06] m5i t zm<mmx.mm-tmmmxh6. 

[07] 01t^Lfc2m»*U— fW^^JSr^i-Bfffl 

mx'ht. 

1 1 1 a-«teft». 1 2-^JtPihS, 1 
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23-nS^HJl. 2 4-iSttl. 2 5-pffl#4 H M, , M 2 -RiHgffi 
[013 [02] 
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